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mm 

mmmxn 2003.01.09 

S^SS] Analog Delay Lock Loop with tracking analog-digital 

converter 

[SSI ^^tlAh o^0IMi^&^£x^l 

[ g S! ej 3 H ] 1-1 998-004569-8 
[□BieJl 

[SSI ■{^^ 

[ CH £1 ej 3 H 1 9-2000- 1 00004-8 

[JIS^^BIAH ^dlM §11^. ^E.|Ah m^m, ^BIAh ^^sHa! 
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[^^sxn 
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[^^1 ^yAi =?D\m mx\u[m M^om^ 107-1002 

[^^1 KR 

[^^sxn 

[^9 HI S^a:»|] HONG, Sang Hoon 

[^SJe^Ss] 700930-1064113 

[^BSimi 467-860 

[^^1 3:'i£ oiaiAi ¥^^e m^om^ 101-1302 

[^^] KR 
[^^SXH 

[^S2j ^^S:7|] HXHS 

[^S^ S^S:?IJ KO.Jae Bum 
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[ ^ &i e ^ Si s 1 760926- 1 026025 

131-208 

[^^1 Aie^^AI S^BS 2-8 3S 6/6 

[^^] KR 

imx]} m^^ xii425°i ^§011 °\m mm. mm'^ xiieo^si ^^o\\ si 

20 e 29.000 2! 

19 e 19.000 m 

0 21 OS! 

[^Ah^^si 20 m 749.000 ^ 

797.000 ^ 

[S¥Ai^l 1. fi^^A1-SA||A1(£2)_1S 
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ov^s-n ^l^ji^^H<^ 'S-^l ;^l«?lAm* 2.'a^^l-7l ^tb ^l^S-t; ^ 

7l; ^7l ^>a-tiliii7l^ #^<^1 -S-'a-^Vc^ ^^>^^ -^-^^ n^^^l-71 ^tt ^^V^H; ^7] 

^H<^lAi ^^Slfe ^^l-^ofl ^7]-^^ 7l$^«a-^ #^*>7l ^H^^]; ^7] 7l^# 

^eflolei-oi; ^ ^H^B]^ 7l§^<a-^ -fr^l*>7l ^n, ^7] 7l^^^ 
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Befl^J o}^S.ii-^y^M ^^711- ^wltb <^>^^^ :^l^Ji^^H.{Analog Delay Lock Loop 
with tracking analog-digital converter} 

£4^ £3<=^1 S.^]^ ^H^Bll- q-^ifl^ 

£6^ £5«^1 £^1^ H2fl^J <i>^S.Zl-cl;^l^ ^:S:7l# q-Bl-vfl^ IrS^^^^S. 

£7^ JE5<^1 ^^V'drS^ ^l^Jl^^^H^ -^^^ M-^^^ 

£8^ £6<^1 leefl^J ^^7]^ -i-^-g: M-Bl-^fl^ sj-^S.. 

* ^-a--^^<^l tfltV ^^^^ * 

100 : HEfl^j o>^Sll-t:1;^l^ €^7] 200 : 'iefl^lsl-^ 
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300 : ^-a-wl^a^l 400 : ^^r>^S. 

500 : ^H^Bl 600 : ^I'^lS.'i 
700 : 



<15> ^ ^£^1 ^J-^lofl ^O.S., <a^£|^ ^7l^ 

^^l-^S-H ^l^JL^^^HCAnalog Delay Lock Loop)<Hl 
^loisjji, o]s. -y^H ^£^1 ^^1^ ^*>€i=f. ^, ^^1^ CflolE-lSl «^ 

7]Al7lfe ^J-'^o]] ofefAi o>y:sii ;^io^j7^^^Hs^l- i^^l^ ^^^i^f. 
§#^^^(CKr)S- °a ^l^sl^ ^l-a^* 2.^i^^>7l ^tl- ^l'?^a.^i(50)2f, 7l^l-g^^ 
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(shift-left) SE^ ^€-^4^HH>0 ^(shift-right)* ^^^^H ^1^1^ ^2fl<^l 5^-^(30)^ 
o]t}7] 4^H:S.2ll^1iEi(40)sq-, 4=lHH5fl^l^Ei(40)^ %^<=^] i^ej- 7]^m^^S.(.CKr)2] 

^l<a ^]^^ 2:^*>7l ^tb t:^^]^ ^5ll<^l2l-<a(30)^ ^wlftcf. 
<20> £2^ £1<^1 S-^m 1=1^1^ ^2fl<^lSl-^(30)* M-Bl-vfl^ 3^^ 

<2i> :£2» ^^]^ 'g^'^^^liSO)^ (50)5.-^^1 #^2)^ 

^11 tfl^l ^13 4=15.H^^(SL1 tfl^l SL3)^ ^]<^o\] 7l§#S^Ai^(CKr)* o.^. 

*>7l ;^lo1^(32)5!l-, ^H^(32)<^lA-1 7l$#e^^s(CKr)l- ^^^I'S^m^^ ^1 

c^X\^ #^*l-7l ^tb ^efl«^l^(31)s+, ^ellol«-(3i)^«.E^ SJ^sl^ Ais:^ #^*>7l -^Itb # 
^^(33)1- ^wltbi::]-. <^7]^^ ±^^]<^^]^^ 7l§#S^^^(CKr)7> T^^lTflS]^ ^^^5fl<^l^ 

<22> ;^1<H^(32)^ 7l^#^^J:(CKr)sq- >IU 415.H^:£(SL1)« "^^^^ 'i:£7fl6lH(32a)s+. 

7l^#s^^J:(CKr)5!f >t|l2 4=1HB^:£(SL2)» '^^7llc>lH(32b)sV, 7l^S^^^(CKr) 

5]- ;^13 4^H:^^^(SL3)* '^^^^^^ 'a^7flolH(33c)S- ^^^s\o] SXv]-. 
<23> igefloiJf(3i)^ 3711 ^eflols ^a^sI^c)]^ ^^^ggflol^ ^^=71101^(320)51 

#^31- ^€^<?}-(Vcc)# \H^7llolB(31a)5Jl-, ^a-^7llolH(31a)2l #^2}- ^-^^"y- 

(Vcc)^ \«^7llolH(31b)^ ^^^€4. 
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<24> ;*)12 ^^^ello]^ 'i:=7flolE(3ib)o^ '^B.7]]o]^{32h)^ ^^711 

olH(31c)^, ^^7llolB(31c)^ ^n^- ^€^^(Vcc)# ^^^^^ ^^^TflolHCSlcDS. ^^^^ 
cf. ;*fl3 '^^7llolH(31d)^ #^4 S^^7]]o]^{32a)S^ "U^^^ S^^T]]^] 



<26> at!" £2<^1 ^efl<^l-f-(31)fe 37flsl c]-o^^Ellols ^^^£]<^ 

<27> o]^} ^ £21- %^^V<^ 1=1^1^ ^l^Jl^^i^l ^^ttcf. 

<28> ^-f- SsjAi^(CKin)7> ^^t}ls1(io)# ^^IM-'S^i i^^l^ ^I'S^'^ 

^^J-tiliIL7U20)^ ^a^s^o^, tt^o.^^ ^^]o]B^oM0)4: ^^1 ^1^ 

^ 3il:^B^^5^Aij:(CKf)7> £l<^ ^1°! 2. 1(50)3. ^l^S.'iCSO)^ #e^Al:^(CKin)7l- 

•a^^^ *?J^Hl5il(lO)-^o.^ ^Sfl 7]^W:^o] ^]<^s]^ ^]<^^]^^ 3.^i.^nM 

<29> ojo^A^ ^^>wljsL7l(20)<HlA^^ 7l^#s^Ai:£(CKr)5q-, ^^I^S-tCSO)^ aliii^l- 
€^4^^H^J:(shift-left) .2.€-^4^SH^S(shift-right)l- e^l^l^iB] (40)S. 

(shift-right)<Hl ttl-el-Ai ^eflo] e^-«?l(30)^S ^ll ifl^l ;^]3 4l^:^^^(SLl~ SL3)1- 
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<30> o]o]X\ '^^o]^9li30)<^]^^^ tfl^l ;^13 4=|HH^:£(SL1- SL3) ^s.^] ^^^^ 

o!2.'t(50)S. #^t3:i=V. 

<32> •?1^l-wlJiL7l(20)<^l>H 7l§#€^^5:(CKr)^ ^1^2.^(50)^ ^^o] :Qx:^jL ^ 

^isl^a, 5171 (20)^ 4^iEB 511x1 >hEl(40)S- 7l^-i-el^3:(CKr)7l- sl:^«^ #slAi:^(CKf) 

S. 5]^ ^<?>^ ^l^^m^^l i^5l£^ ^1-^ *:B^:^(Hold)» #^^>7ll ^cl-. 

<33> oi^y-E-lfe 7l^#3^^^(CKr)7> 3l^«fl ^^l^JiS. 3i]^ ^efloi 5l-ol(30)^ tfl-^ ^S. 

7> JL^SlJL, o] nfl >^loiJL:^^ Stj^ti^ ^JKCKf )7> ^^^] ^^1 ifl^S. ^£^1 

<34> cl;^l^ ;^lo^j7;§^n^ 7.]c^^ ZL^^l^l^ ^^o] ^^d:^ xl<?lJl^^ 4=1 ell^l 
iEK50)<^l ^^1 ^4. i42l-^i si-^^:i:2.1- #<^l7l ^tb ^ 

^wVols.s.(Standby mode)<Hl^i 7l§#el# ^sllol sl-oiofl 

^1: #^ ^Cf. Cl-Al >i^W>olS.^7> ^^1^^ ^7l5l-^ m^<>] ^-S-^>^ ^IHE^ Efl^^l^ 

eK50)<^i ^* <=i-§-*M ^ #^<^H«^i ^7i^^ ^s^^^m ^7> ^tq-. 

<35> ttj-El-A-l rl^l^ ;<io^j7;3^H^ ^l^Jl^^ ^.^l- ^^*>J1 ^7l ^^<^ 

^^wH 2.^0)1 t^l^l^ ^eflom^CSO)* cl>ioflol^Al^ ^ o;tol ^^^2.* ^ 
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<36> nelM- cl^l^ ^lc^j7;^sn^ M.^^^ 'idlolel-^OO)^ ^^^^>^ ^^^Bil<^l^ ^<H1 

olS. ^^<^1 371] ^7V£l^ ^^1^^ 7}7]51 ojcf. 

<37> SEt!: ^^^sflo]^ ^^^l*^ ^1^-511=1-^ 7}:^]^ ^l>Hl*>7fl ^l<?iJl^€ 

^^A^^ 7].^]j7 o;io.^^ ^^^<a-«Hl ^^71^ i^ol^ofl ;^l<aji;^^ 

<38> c];^]^ ;^]<gj7;^^eno^ o^ei^^l:^^ sfl^^ ^ ;.J.^l7l. o>^Sll 

<4o> ^^^>o-^ <^>^S.^ ^l-^Jl^^H^ ^-¥-#^^^(CKin)7> w]s1^s)cH 

7l^#^^^(CKr)S. ^ ^1^5]^ ^l*?!^* S.^^*>7l ^l^atCSOiil-, 7l§#§^ 

« #^^V7l ^'a-^l<H ^ ell si- <?! (Voltage Control Delay Line. VCDL)(70)2l-. 7l§-l-g^^ 

^^wl5i7l(75)5q-, ^^tiliii7l(75)<^lAi ^^Itb ^^<^1 «a^:^(l]P) ^ tq-^^ 

s:(IX)WN)<^l ^B]- ^H.€Bi(90)S. ^^^]-^ ^^>^H(charge puinp)(80)Sf , ^^V^S(80) 
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<4i> s.3<^] ^^>^H(80)^ ^5.€El(90)S^ 'U'^^ M-^j-vfl^ SlS.£olcf. 

<42> %2^t\c^ ^^-e.^. ^s^>^H(80)^ ^ell<?l(Drain)^ ^^^-y-CYDD)* 

^^:^]^B\{Wl)Si^. S.^H^^1^E1(MP1)S1 :di^>i(Source)sl- °^^^JL TflolB* ^ 

^^1- ^^^^ H^^l^iBl(MP2)sq-, ^211 s.^:^^p]^z•e.^w2)2] ^^s) 

9\ ^S.^si\. <?i:gS]JL TflolH* *«fl -B-^l*>7l wHol>^^<g-(Vbiasn)^ ^7> 

<43> Hf}: ^H€ti(90)^ ^^>^5iloflAl ^i^§>7l ^tt ?fl4^1tKC)5+. ^fl^fl 

<45> oj^y^3^(10)ollA-l^ #e^^^(CKin)» '^^^'^M di^^m ^]'^^]^ 7l§# 

^^:s:(CKr)€- 7l§#g^>i3:(CKr)^ ^>a-«l:5i7l(75)s. tlr^^S. 7l^#^ 

-tlJ^CCKr)^ ^'a->ll<H ^e11<^lBl-'?l(70)<^l>H ^4^1 i^^l^ ^1"?!^ ^^^-^ #s^^J:(CKf )S. 

^ ^l*?!^!^* S-'i^tflAi ^^l^cf. 
<46> ololAl ^>a-«liil7l(75)«5llAl^ 7l§-i-ei^s:(CKr)S!l- ^1^2. "1(65) ofl'H #^5)^ 

^ wliE^Vji, y3]M^ ^3|.ofl rcj-ej-Al <aAi:£(up) cf^^JlCdown)* #^t!:Cf. 

<47> ;^s>^H(80)^ w>olol>::^oj-(Vbiasn, Vbiasp)<^l ^ofloll:^^ "^^^(up) 
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^1-1- 7llsi)AlEi(C)<>fl ^^5]^ nfej-Ai ^^tb 7l§^'y-(Vc)<^l tl7>5l<^1 ^ 

'a-;^lc>1 ^Bll<:>le^-o](70)o.^ 
<48> o]o]A^ ^^;*iH ^ell<^l2l-^(70)<HlAi^ ^H^Bl(90)«^l 91^}^^ 7l^^^(Vc)ofl ^^^^ 

<49> o]o]X] ^^B]^7](75)<>\]M 7l^#eiAl^(CKr)Sl- ^1 <?1 2.^(65)011^1 #^^51^ 

til jut!- ^2f7> -a^l^Ml £1^, i:-lol>^ «^>0^(up) cf^^sCdown)* Si^ 

Til S\JL, o]S. •a^fl ^H€El(80)«^l <?l7l-£|^ ^^a-(Vc)£ "^^^V -fr^l*>7ll ^Cf. 

<50> nl-el-A-l ol:f «-Bl ^-y-^HH ^5llolel-^(70)<^lH^ 'U^^ ^^y-ejl't* -^^l^V^ 7l^^«a- 
* oj^«].o].(Vc) o]6\] tfl^sl^ ^m'?}^ 7l§#^^^(CKr)l- ^l^^l?^ 5il:^Bfl ^g^^i 

Jl(CKf)S #^5lJi. ol nfloil 5il = «]? #s^Ai^(CKf)l- «}-£^l ^J-^1^ tfl:?-^3l-«>ll A>-g-Br>7ll ^ 
^. 

<5i> a>fil- ^ol o].^s.li ^l<ai^^^^ ^^^M '^V^ 7l^^^(Vc)* 2: 

^*>J1, ol^ ol^^>c^ l-elA]^(CKf)fil ^l^Al:^^ Ji:^Al7l7l i41^<Hl °ll-f ^^t!" ^ 

^^H^^M ^^1*H ^l<a^l^>* ^ Si^. 

<52> icl-El-Ai ^lo^ol JI^^ ^-f-^^^ ^^^Ml ^71^ ^ $iJl, 

^lE-l^^^ol tq^l^ ^lo^j7;.^s^oll Hl^ #o.nl. ZL^o.^ ^l<a* JI^^^l^J ^ o;[7l i^l^ 
«:'ll Jl^Al^^^t^o^ o^^^ ^7]^] ^Soli:!-. 

<53> nem- o>^^zL :^l«a^^^5.^ ^l^i^«^ tfltb ^^7} ?ll5i||AlEl«>ll ^<a-(Vc)^-^S ^-1 
9Xy] nfl&'Hl ¥^^^(leakage current)<Hl ^^fl^i €*a-(Vc)^<^l ^^^] "^^S^^. '=>]S. 
9m ^l^ol ji^^ :^M.mr n]^^^^ -fr^l^ 
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^t}lL ^l^sfl^i ^3]-Al^o>n]. ^o] ^^JQ.^ ^^^^7} ^7}^^ €-^1^^ 7}^]JL ^Cf. 

^^2.71- ^^5)-^ <^}'^s.zL ;^l<a^^^^» ^1^^^ ^c^-. 

<56> ^7]S] n^^}7] ^ Ul^l^sH 7]^m^^S.S. AV 

-§-^>^ <^>^^ii ^7l w^j^^s)^ ^1<^^1^>* 2.'i^^>7l ^tl- ^l-aa 

^i; ^7l 7]^#5?Ai:^^ >^7l >^lol2.^i<^lA^ ^^^^ Hliii«>7l ^tl- ^ 

^>Hiii77i; >s-7l ^>S-wl5i7l^ -§-^*M ^*>^^ -S-^^ ^^*>7l ^t!" ^71 

^^>^^<^lAi ^^51^ €^V^<^1 917}^^ 7l§^^^ #^^]-7l ^t!: ^S.^^', ^7] 71 

7l$^<a-ofl Cfl-S-^V^ i^Al^-^oJ- ;^lc^Al5^1 ^7] Xjo^S-C^S %^^}7] ^ 
% ^2fl<^l2l-^: ^ ^71 ^H^BlSl 71^^^^ ^^^^S -a-^l*>7l ^«fl, >a-7l 71 

^^1^^-^s. ;^^^J-^V:a, ^71 ^i^j-^ ^^m^k^] n^^^ B^^J^^^ ^71 
Els. #^*>^ H^^^J <il-^S::i-T:q^l^ ^^711- ^hI^tV^ o>^^ii ^]<gji^^s^ /Hl^tlrcf. 
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<57> ^ ^x^^ al^l^sH 7]^m^^S.S. A>-g-B:>^ <^>^S.ZL ^^Jl^ 

^Hofl ^Z^^i. ^7] s.^^^*V7l ^l-^ls-^i: ^1-71 7l^#e^Ai^sq- 

^ -§-^*M ^^^1-71 ^tb ^71 :?i*>^H<^l^i ^^^^ ^ 

7l 71^^'g-oll i4h1- ^^^1^ ^7] ^l^StS. #^*>7l ^"^-^^H ^^7l; ^ >^7l 

€^1^ 7l^^^^ -^V^^o.^ -B-^ls^>7l ^«fl, ^7] 7l^^<a-^ :^-1^^>Ji, ^^-71 

^^711- ^til^m <^V^S.^ ^l^tbi^. 

^^-71 o]-^S.ZL-C]>;l^ ^^7lo11 C^^l^ iJt^S. ;^i^3:>o^, o^^^ ^7^7} ^A§>^1 
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(CKin)7> 1^31 ^£)ol 7l§S5^Ai^(CKr)S ^ ^1^^]^ ^I'S^* a^i^sr>7l ^t!: ;^l<tl 

£^1(600)4. 7l§#giAi^(CKr)5!]- ^l<?l£'i(600)<»ll>H #^^S(CKd)^Sl ^^-^ 

51^>7l ^^^wlii7 7l(300)sV, ■?1^tilil7l(300)^ #^<^1 -§-^*H ^^}^^ ^^s^V 

^ ^^i-^^(4oo)sq-, ^^v^H(4oo)oiiAi 917}^^ 7i§^<a-(vc)* # 

^*>7l ^tb ^H^El(500)5q-. 7l^#3j^^(CKr)* 7l§^<a-(Vc)<Hl ifl-S-*>^ 4i^^m^^ ^1 
<^X\^ ^loiait(600)S. 3q:E.«fl#5iAi^(CKf)» #^^>7l ^'^^^]<^ ell ^1 2^-^(200)2)-, 
^H^B^SOO)^ 7l§^^g-(Vc)^ -yr^^^^S -^^l5>7l ^tfl. 7l§^<a-(Vc)^ i::q;^l^^o.^ ^-1 
>a-*>Jl, i=1^1^^<^l tfl^sl^ H^5a(tracking)^'g-(Vt)* ^i^BK500)S. %^^}^ 

c>^S.ll-cl;^l^ ^^71(100)1- ^HltbcV. 
<62> ^e] H^^J^'^-m)^ ^^wl-ol£:E.(Standby mode)^^ ^H.^e1(500)S 

7l§^«a-(Vc)* ^7H>7] ■?lt!- ^fl^flAlEKulHADl. ^Hl*>i §irl..(:£4Sl '90' ^S) 

<63> ^1^1- E^^J o>^S.ll-t:l^l^ ^^7l(100)<Hl^i #^Sl^ Si^^J^^(Vt)^ ^H€Bl 

(500)^ ^^^^S ^^^>7l ^tb :^^^1(S1)» cl ^tiltlrcl-. 
<64> i£6^ £5<^1 S.Al^ H^^J ^^7l(100)# M-Bl-ifl^ l:e^^A^£.oli::f. 

<65> £.6* %i-S*H #3^:^^. B^^J o>^^Ii-c]^l^ ^:&7K100)^ 7l$^<a-(Vc)4 

^j^*a-(vt)* wiii7s^>7i ^'a-wii77i(iio)si-, ^<a-wiiii7Uiio)<^i>H 

(downl.upl)«^l ^^s:>c^ 7l-^^S]^ ^s.^ #^^1-71 8W1H ol^ '^/^^ ^1-^^^(120)^, 

<^1^ 'a/i^l-g: 7'>^El(120)<^lAi #^*>^ ^>^^5l^ ^S<>fl cfl-g-€r>^ ^^]^^^ ^i^J-*> 
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71 ^tt S^]^ 511^1 ^E.-1(130)5q-, ell^liEicHl ^^^^^ 8^]^^ ^^M^^] ^"^^^ ^'y-^ 

<66> t:]^]^-o}^S.=l ^^71(140)^ 31^ B^^g^ ^Sfl 6^1 

B<>fl cfl-S-^V^ ^11 H^^J^-a-C^l--^ 6til:ED>^ <^l-§-*H ^^^tb ^"^i-)^ ^^J^H H^^cJ^SJ- 

^ ealBl- ;*flsqt!: M-'^^j «^>^ 2«1B<^1 ^-S-^Vc^. ^7l ;*fll 7l§^'a-(Vc)2l- ^ 

o.^ ^'a-eflt<^l >^7] s^^j^oj.^ ^^^}7] ;^12 H^^J^'a-C^V^ 

2tilH» <^l-g-*><^ ^^^tb #^^1-71 ^tV oV^^:3.-^^1€ ^^71(144)1- ^tiltb 

<67> at!" tq^l^-o>^S3. ^^71(100)^ 8tilB <^1^ '^/^l-^ 7>^Bl(120)«^l>^i 8Wl 

t^xj^^f^ 6«1H* 64tilB^ thermometer code)S. ^^^><^ ^^1^ ^^]'^- 

o\^S.ZL ^^7l(142)S #^^>^ ol;^!^-^^^^ ^«:7l(141)» ^til^cf. ^Vji^o^^ s. 

<68> 1] 
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<69> c^7lAi v^Ti] ^:^7l(143)^ 8«1H '^/^^ ^V^^l (120)<^l>^i b}^ 2w1H« 
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<70> at!: ^y^^S^.O. ^^71(142)^ >^flll^B.(Seginent) i=1^1^-o>^S.ZL ^:Sr7ll- 

AflH^H t:1^m-o>^S.Il ^^7]^ iiol^B->^^o] , ^§ 

^1^<^1 7\7]3L 5Z^c-fl, ol§ :e.^^7l ealS^ ^l^^* 64^1 

^£ ^JE.^ ^^^V^ ^:S:7l(141)# ^7>S t^h1^><^ 64^1 

<7i> A-^y. t^;^l^-o>^S.ii ^^71(144)^ w>oluiEl(Binary)B}-<y ^ cl^l^-o>^S.zi ^ 

#^^>7l ^t!: ^^<^l^w1 5*1 (unit gain buffer) (160)1- (160) 

<73> c^7iAi ^^oi^ai3i](i6o)» A>-g-^>^ o]-^^ H^^j^*a-(vt)^ ^^€^^(500)^ 

^S. #^*>7ll ^H^E-KSOO)^ ?fl2()AlBl^ ZL S.A^>a- 371 

ofl x::^^l^-o>^S.ZL ^«r7l(140)<HlAl ^S.^ -^eh<^lf3 ^t!: ^o]"^. 
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<74> ^'a-wi 5171 (110)^ 'un^ °fl^>^+ H^^j^<a-(vc)3i- 7i^^^(vc)^ 

8H1H 'a/^^ n^Bl(120)* ^^^l^l7l ^Sfl ^5flol(150)« ^tiltt^^. 

<75> £5oil £^1^ M-^^^ Bl-^£.olcf. 

<77> <a^«l5Jl(700)<^l>H^ sq^ #^>il:£(CKin)«- di^^l^ 7l$l-€^^:£(CKr) 

# 7l^#^>0jL(CKr)^ ^>^wliil7l(300)S. "^^SlJi, tt^o.^ ^ 

efl^^l 21-^1 (200) ^1^s]c>l #g^^^(CKf)^ 5l<>| ^lSiS-^i(600)S 

^1^a^i(600)^ iq^#sl^s(CKin)7> ^^^] ^^i^i vfl^f-s. -a^^ «fl 

(60)^^S ^«fl>^i ^ISis)^ ^l^^m* >a;^l^cf. 
<78> olo^A^ ^-iJ-wlii7 7l(300)<^l^i^ 7l^#^>0^(CKr)5Jl- ^l'a2-'i(600)<^l^i #^5]^ 

(Ckd)^ ^-^^-i- tilJE^Vi, :i 31-611 iEl-sl-A-1 <aAl5i(up) i=l-^^^(down)* ^^V^H 

(400)S. 

<79> ^^>^H.(400)^ 'a^:^(up) 2:^ nl-^^^(down)<Hl ^^^^ ^H^^i (500)<H1 ^^1^ 7ll 
3llAlEK"li^])«^l ^^>» #^*>7li4. ?11^^1B1S.^E1 ^^>1- «J-^Al^i:l-. ^flsflAlBloll 
^ ^«H1 nl-e^-^i ^^^^ 7l^^^(Vc)ol ^7>slol ^<a-;(|H ^ellol2l-<?l(200)-^S. #^^4. 
^ = ^Bl(500)^ £4<H1 JE^l^ w>(£^-¥-5: '90'%2i)S^ :^o] ^^^^ ^ ^cl-. 
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<80> o]o]A^ ^"a-^^lcH ^5flole1-ol(200)«^lAife ^H^Ei(500)<^l ^7>5l^ 7l^^'a-(Vc)<^l 

7l§#e^Ai^(CKr)2l ;^l<=^Al^^ ^^^><:^ m^^S-iCUm ^l^S-^i (600)5. 

iils>o^ ^s:l-^H(400)S "^^^Cup) S.^ cf^^:£(down)» #^*}-7fl ^cf.o] ai)-;^^ ^^>alJIL 
7l(300)<^l>H 7l§#g^>«d^(CKr)Sl- ^loi£'S(65)5l ^^-^ \3]M^\o^ n :^s[7} 

<82> ^^«lJil7l(300)<^lA-l 7l^#5j^^(CKr)sq- ^l^S-^i(65)2l ^^-^ ^ 

^Tfl ^cf. o]s. 9in ^^^B1(500)<H1 ^7>5]^ 7l§^«a-(Vc)£ "^^^t!: -^^l^V^l 
<83> oi^^^El ^<a-;*lH ^5ll<^lBi-"?l(200)<^l>H^ ^'y-efl't* -B-^l*>^ 7l$^<a- 

(Vc)# 'a^^'^V^i 7l§#s^^:£(CKr)» ^^t!: ^m'?]:^ ^^l^iL^A]^ s^^^fl #g^Ai^(CKf) 

<84> t!:^ HSfl^J o>y-s.:z-cl^l^ ^^7l(100)<^l>«-i^ 7l^^«a-(Vc)l- *a^^<^H 7l^^«g- 

(Vc)sq- ^^511^^ 7]-^l£^ H^^J^^(Vt)* ^"^-511^* '^^]^^. 

<85> ol§ 7.M^ ^^i ^^ali27l(ll0)<^l^i 7l^^«a-(Vc)3|- H^^J^^(Vt)^ til 

M^}JL ZL ^4^* T^til€ Bfl^l(latch)(T3l£^l)<Hl ^-l^tb^-. tcl-2l->H 
#^^:£(upl.downl)^ 8wlH ^1^ '^/^^ 7V^eK120)S. #^tb^-. SalB o]^ <^/^^ 
H(120)<^l^i^ ^'a-tiliii 71(110)^1 #^^:^(upl.downl)«11 f}^^^^ ^^t}JL, 
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<86> ojojA^ o]^^-^s,3.^ ^%y]a4l)^]^^^ ^]^]^^^o.umM ^i^slJi s^ih o]^ '^/^ 

^ols.tf| 3] (160)0.5. #^*>^, ^^ol^tf|5il(160)«^lAi^ cl^l^-o>^^ZL ^^7](142)<^1 

<88> ojo^Al, ^'3-tiliiL7Kll0)«Hl>H^ 7l^^^(Vc)3)- B^^J€^(Vt)* l=f'«>l Hl5l3r>Jl, 

(IIO)S. B^^^J^'a-m)^! 7l§^^(Vc)S!l- ^^ell^l- 7>^ nfl^7};^] ^^t!: 4 

(Vt)<^l 7l§^<a-(Vc)» H^^j(tracking)^>i Si^-i- ^ ^i=f. H^^J ^'a-(Vt)^ 

<90> H??i^J^<a-(Vt)<^l 7l^^<a-(Vc)5il- ^<a-511'iol Sl^^ nfloll^ H^^J oV^Sli i^;^] 

^ ^*7](100)7> C-lo]^ H^^J ^^1^>711 S\JL, n. X^B] 8tilH 211^1 ^E-K 130 )<^1 

<9i> 8wlB 5ll^liBKi30)<Hl ^i^s]^ ^^Mik-& 7l§^<a-(Vc)* H^^<3*>^ B^^<3€'a-(Vt) 

^Sfl^lfecfl, 7l^^<a-(Vc)^ ^H^tK500)<^l ^7l-Sl^ 7l^:d'a-(Vc)^ 
71- ^l<a^^ «fl ^*>7fl ^Cl-. O.^^ ;^10^j7^^ = 7]. ;^lolJl^ 
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^^Zl-Cl^^l^ ^*7l(100)« ^1^^>JI. ^^a-^l^ 51-^(200)^ Wl^tb #^^7l5|-o11 ^ 

(500)31 7fl5e^lBl<Hl <^7}^ ^<a-ol^S. Y^^^S. ^"3-ell^<^1 ^:t*>7ll S]cH<^> ^ 

<93> ne^uf o] ;g-foil:£ EBfl^j ov^^^-c]^!^ ^:^7l(lOO)^ 'y<^lollr^BHol7l nfl^oil H 

^ <y: ^ ^1=1-. (A ^2:) 

<94> n|-2l-'H i^W><^l a=7> rfA] ;^l^j7>g^n7> ^l^^al^ ^2]-^ ^]^^ nfl<^l£. 7] 

* ^^^«V7ll 5]^. 7l$^^(Vc)4 ^^S>7fl H^^J^Wt)* ^^^^ ^71- a^l^. 

<96> ^ 6«iH'?v^ <^i-§-*>«^ H^5a^«a-(vt)^ ^^^^ 
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^tb 5)113. H?^^j£|^ ^>^2W1HS. ^^^^ ^12 H^^J^^a-^ <^l-§-^H H^^J^Wc)* 

<97> o>^S.Il ^H^EKSOO)^ o] nfl 

c}.o]olS.H^jl)(160)oll^i 7l^^<a-(Vc)3l- ^H7V 3.B.S. i^l<?l 

<98> o]^7ll 8«1H^ t^^l^^^ 27MS Befl^J^*a-(Vt)# ^]-^^ 

H^^g o>iJ-^zL-i:]^l^ ^:&7l(100)Sl H^^J^l^^ H^^J ^"^-(¥1)21 ^^£1- ^ 

<99> 5.8^ £6«>11 S.^]^ :^2fl^J dV^S^-c];^]^ ^^7]^ M-Bl-tfl^ J^^S^a-^, 8^1 

<ioo> S.8* ^S^H ^^^Ja.'^, ^7] ^91 c1^1^-o>^SZl ^:i:7](142)^ 

(Vc)3f ti]^^ E^j^iol s]ig xifloi c]^]^-o>y:S.Il €^71(142)5^- ^iw. i:1;^l^-<5>^^ZL ^^7l 
(144) S^l- ^^AjT^ H5fl53^<y-(Vt)ol 7l§^'a-(Vc)3f o.^ ^^elllS ^^^3^1 

^^^V^fl ^ ^Ji. H^^g o>^S-^-c^^l^ ^^7l(i00)€- 

^^i^ ^ atb ^ ^^Hl^ H^^J o>^Sli-i:1^1^ ^^7] (100) ^^6alHS+ ^}^2^] 
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S^^^ 4^ ^<^1 H^^J <^>^Sli-cl;^l^ ^€:7l(100)l- ^-^^^ ^ ^cf. 

<102> Dfloi t:^^1^-o>^S.I1 ^:a:7l(142)^ >Hlll^HB}-<a S^ ^^7l# 

7^31 ^Tfl ^tq-. ofloii}. a^^. tqxi^-o>^szz. ^^71 

(142,144)-i- £^ >^illl^HBl-<a ^^^«^>^ ^ H^^J o]-^S.Il-cl ^ ^^71(100)^ 

<103> t-^Pl ^€:7l(143)^ ^^^^S ^-^^ ^^1 ^1-^6W1H7> ^£ 

<104> :i^^l(Sl)^ S^^J^^(Vt)* >i^w>ols.^ ^oyuj. Al^^o.^ (500)5- 

<106> ^^], ^ o}y^s.Ii ^l^Jl^^H.^ i^w>ol2.:c6ilA-l H^^1 o>^S.Il-c1xl^ ^ 

^71(100)^ ^^c.l^iH5*l(100)5q- >Hllii?iH t^;^l^-o>^S.:3. ^^7U100)'?1- ^<^lcll- -a-EflS. 

oV'^S.ZL ;^1o^ji^^H7l- ;^l<?iJi:^ -g.^^ cfA] A]^^ uflofl^ efl^liB] (130)011 x-]:^^ c^^l^ 
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<107> c^7]^^ OV^SZL-C]^!^ ^^71(100)^ (100)5+ ^^lH^H 

^S-H ^^7l(100)# -y^l'^llr^l-Efls ol-^^ ^^<^l^«l3l(lOO)5!l- t:l^l€-<^>^ 

^^7l(100)^>^l i^ioiloll->a-E|lS ^711 ±.^^3}o]3.^6\]X\ ^^S-^S. 4 

^1 ^1^^ °fl<=>ll e11;^1^Bl(130)<^l ^^^^ cl^l^^o.^ H2fll3^'a-(Vt)* 

'U^^ ^l^H 4l^5]ol ;^lo^j7^5]^ X\^o] ^o] ^ OX7] l^^ojcf. 

<108> ^ ^'^^ <^>^^^ ^1<?^J1^^^S^ 0>^SI1 ^^^S. ^1*^31^ ^3}-^ «>7l 

ol ^^M- ^"a-^lol ^511<^121-'?1 cfl^<Hl ^^7l«- ^}-%-^}<^ ^^^^S] ^4^* 

3^>£^ ^7lAl7l^ ^S-Olcf. 

<iio> 3E9^ ^^^l-oi^ ^3^^^, :£52l o>^s:^L ^l<aJi^^H<Hl-^i 2^1 ol 51-01(200) 

cllAioil ^oj-^lo^ ^^71(800)1- AV-g-tb «^ ^ 9X^. 
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<iii> ^ ^'^Sl c>}^S.li ^^^JL^^B.^ ^-y-^l^H ^^7l(800)«5flAi 7l§^<a-(Vc)Sl 

-§^^4 nfl^oil ^V4^ ^^^^^ ^5^^1:4. 
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[^^*^ 11 

^7] ^l^^m^ a'i^*>7i ^tl: 

^^^]^7]; 

^7] ^H^E-js] 7l§^^^ «?>;^2^A^ -fr^l*>7l ^n, ^7] 7l§^<a-^ 

^7] S2fl53^^^ 
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I^^^J- 31 
^1 2 

l^j^*^ 41 

^1 2 

^7l 7l^^<a-2)- ^7] H2fl^J^*a-* WliiI^V7l €'a-WlJ]l7l; 

^7] ^<a-tiliiL7l2^ #^ofl -§-^^H ^>^^^^ ^S-M: #^^>7l ^ tt ^V^^^^; 
^7l C^^l^^ofl ^^^*>«^ ^7l H2fl^J^<a--^S- ^^^7] 1=1^1^- 

51 

^7] C^^1^-0>^S.ZL ^^^^^ 
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^7] iq;^l^^oilAi ^7] >^^alH* ^^^] BlB<Hl ifl-i-^n^. ^7] Hefl^J^ 

[^^^J- 61 

^7] t:]^M-o}^^ii ^^^^^ 

[^^^J- 71 

^1 4 %H1 ^^^-1, 
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{^^^^ 9] 
10] 
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111 

H^^^^i^ s-'i^^>7l ^^l^s-^i; 

^7] 7l§#^^^^s^ >a-7i 7i§^«a-oii ^^^]^ ^7i ^i<?is.'is #^*> 

7l ^tb ^<g->fl^ ^^7l; ^ 

^^7l 7l§^<a-^ tV^^O.^ ^^l^>7l ^Sfl. ^7] 7]§^<a-^ Cl^l^^O.^ 

121 

^1 11 «J-<H1 ^<H>^i. 
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[^^*^ 131 

^] 12 ^^^i, 

[^^^J- 14] 
^1 12 

^^71 7l^^«?J-3l. ^71 Hefl^J^U^ v]Mt}7] ^<a-Hlii77l; 

^ ci^l^-o>^^zi ^^^^^ T^«l*>fe ^^-^^ <^>^S^ ^'a-:n.^^H. 

I^^^^J- 151 

^1 14 9X<=>]^^, 
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^7] tqxl^-oV^^Zl ^^^^^ 

^7] i:1^1^^<^lAi >a-7l ^^wlH* M-^^l wlB<^l tfl-§-*>T^. >a-7l ;*fll H2fl58^ 

161 

^1 15 ^^^i, 

^7l tqxl^-0>i^S.Il ^^^^^ 

171 

^1 14 SX'^^^, 
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[^^^J- 18] 

^1 17 91'^^], 



[^j^-sj- 191 
^1 13 

^71 7l§^«3-^, 
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^1 17 *J-<^1 
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